Ecological safety assessment of egrets in Xiamen National Nature Reserve by 吝涛 et al.
第 26 卷第 12 期
2006 年 12月
生 态 学 报
ACTA ECOLOGICA SINICA







基金项目:国家自然科学基金资助项目( 40371049) ;福建省自然科学基金资助项目( D031002) ;厦门市环保局资助项目
收稿日期: 2005 09 20;修订日期: 2006 06 10
作者简介:吝涛( 1978~ ) ,男,博士生,主要从事环境生态学和海岸带管理研究. E mail: lint@ xmu. edu. cn
* 通讯作者 Corresponding author. E_mail: xzxue@ jingxian. xmu. edu. cn
Foundation item: The project was financially supported by Nat ional Natural Science Foundat ion of China (No. 40371049) Fujian Province Natural Science Fund
( No. D031002) ; Item of Xiamen Municipal Environmental Protection Bureau
Received date: 2005 09 20; Accepted date: 2006 06 10
Biography: LIN Tao, Ph. D. candidate, mainly engaged in coastal management and environmental ecology. E mail: lint@ xmu. edu. cn
摘要:白鹭的生态安全是指白鹭所处的生态系统能够维持白鹭种群持续生存的需求和条件,其中关键是白鹭生境的安全。白鹭
生境安全从根本上取决于生境的适宜性和人为对生境的干扰程度, 又可以理解为生境受到人类干扰后所能保持的生态适宜性。
分别选择白鹭在厦门的 2个主要繁殖栖息生境 大屿岛和鸡屿岛和 10个代表性觅食生境为研究对象,对白鹭生境的生态适
宜性和人为干扰程度进行分别评价。其中,生境适宜性评价采用指标体系法,通过赋值、计算进行评价;人为干扰程度评价主要
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Ecological safety assessment of egrets in Xiamen National Nature Reserve
LIN Tao, XUE Xiong Zhi
*
, LU Chang Yi, HONG Hua Sheng ( State Key L aboratory of Marine Environmental Science , Environmental
Science Research Center , Xiamen University , Xiamen 361005, China) . Acta Ecologica Sinica , 2006, 26( 12) : 3998~ 4006.
Abstract: Ecological safety for egrets means that the ecosystem in which they live provides the conditions necessary for sustaining
life. The healthof wildlife species depends on safe habitats, which consist of both living and non living elements. As a result,
egrets ecological safety can be understood as the maintenance of ecological suitability in spite of anthropogenic impacts. The
safety of the habitats is the primary issue in egrets ecological safety assessment.
This paper reports on the results of a study of two major breeding habitats and ten typical foraging habitats of egrets along the
Xiamen coast, locations selected to assess the ecological safety of the egrets which live in that area. Breeding habitats cover the
entire land area and the inter tidal area of Dayu and Jiyu islets which have been designated as the Xiamen National Nature
Reserve. The foraging habitats cover all types of wetland along the Xiamen coast, including mudflat, estuary, mangroves,
reservoirs and semi salty lake. In this study, ecological safety assessment focused on the breeding and foraging habitats of the
egrets, with the objective of assessing the extent to which the needs of egrets can be satisfied and maintained by the breeding and
foraging habitats. In this paper, ecological suitability and the impacts from humans are considered as the two major factors
affecting the egrets ecological safety. Therefore, the ecological safety assessment has two components. Thefirstevaluates the
ecological conditions maintaining the egrets sustainable lives while the secondevaluates how human disturbances are affecting
these ecological conditions. By calculation and assigning a value to the assessment, an ecological indicators system was adopted.
For the human impact assessment, we used different land use types to represent different degrees of human impacts, and assigned
an assessment value for each land use type. In addition, geographic information system analysis software Mapinfo7. 0 and
ArcView3 2a were applied to analyze the impacts of different human activit ies on egrets habitats.
Combining the results of these two assessments, a measure of the egrets ecological safety in Xiamen Nature Reserve can be
obtained by using a synthetical assessment function: ES= S- D ! wD . Egrets ecological safety assessment can be divided into
five levels: safe, marginally safe, moderate, weak safe and unsafe. Results of the study show that both the Jiyu islet and Dayu
islet are at the safe level as breeding habitats, with Jiyu islet rated higher in this range. In contrast, the tenforage habitats are at
marginally safe level on a whole, although no forage habitat is at safe level.
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Fig. 1 Egret s breeding and forage habitats in Xiamen coast
A1:东屿Dongyu; A2:海沧Haicang; A3:元当湖 Yuandang lake; A4: 石
湖山 Shihushan; A5: 高浦 Gaopu; A6: 杏林湾 Xinglin bay; A7: 钟宅
Zhongzhai ; A8:香山 Xiangshan; A9:澳头Aotou; A10:刘山Liushan; B1:










[6, 20, 23,27~ 32]
等多方面开展了
调查研究。随着遥感( Remote Sense, RS)、全球定位系统( Global Position System, GPS)和地理信息系统( Geogra
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Table 1 Criteria range for Egrets ecological safety assessment assigning value






































物种生境的生态适宜性因素主要包括物理环境因素 ( Physical Environmental Factors) 和生物环境因素










测白鹭对繁殖和觅食生境的选择偏好, 即白鹭在不同繁殖和觅食生境的分布状况,建立评价准则, 见表 2。
参照评价准则, 对白鹭繁殖栖息生境和觅食生境的各项适宜性因素赋予评价值,按照下列公式进行计算
和评价:
S =  ( s i ! w i )
式中, S 表示生境适宜度; s i 表示各项生境适宜性因素的适宜度; w i 为各生境适宜因素的权重,通过收集
专家意见,利用层次分析法(计算过程略)获得 4项繁殖栖息生境适宜性因素的权重: 植被覆盖率 0 1、适宜树
种分布 0 3、主要觅食地距离 0 3、生态稳定性 0 3; 3项觅食生境适宜性因素的权重: 觅食地滩涂水质 0 2、滩








[ 41, 42, 45]
,以及鸟类对人类侵扰的耐受度研究成果
[ 27, 28, 33]
, 对于
繁殖地大屿岛和鸡屿岛以边界为基线,对于 10个代表性觅食点以觅食地中心点为基点, 选择 0~ 600m、600~
1200m 两条缓冲带作为人为干扰研究区域。利用 2004年厦门市卫片图 (分辨率为 5m ! 5m) ,并参照 1999年
厦门市土地利用类型图, 使用软件 Mapinfo7 0将白鹭生境人为干扰评价范围 1200m 内的土地利用类型进行数
字化, 然后通过 ArcView3 2a软件, 根据人为干扰评价准则中赋予不同土地类型的评价值, 通过以下公式进行
计算:
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D = 1 S 1  ( s1i ! d i ) + 1 2S2  ( s2 i ! di )
式中, D代表人为干扰程度; S1代表白鹭生境周围 600m研究区面积; s1i代表S 1 内不同土地利用类型的面
积; S2代表白鹭生境周围600~ 1200m研究区面积; s2 i代表S2 内不同土地利用类型的面积; di 代表不同土地利
用类型干扰程度的评价值。
表 2 厦门白鹭生境生态适宜性因素评价准则
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距繁殖地距离 Distance from
breeding sites( km)
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白鹭在厦门觅食多见于距离繁殖地< 10 km范围内,在> 50 km 的范围很难看到白鹭成群觅食,以两者为上下限确定评价准则;滩涂类型划分标
准:以厦门最常见到白鹭觅食的淡、半咸水湖、泥质海滩涂为上限,以白鹭无法觅食的人工开发海岸带区域为下限,确立评价标准;养殖密度= 实
际养殖面积 适宜养殖面积,白鹭在养殖密度< 10%的养殖区分布最多,而在> 80%养殖区受人为驱赶分布很少,以两者为上下限确定评价准则;
距繁殖地距离= 觅食地与大屿岛和鸡屿岛连线中点的距离,划分标准同周边觅食地分布
表 3 人为干扰因素评价准则







































ES = S - DwD
式中, ES 代表白鹭的生态安全程度,可以理解为
受到人类干扰后仍保持的生态适宜性; S 代表白鹭生
境适宜度; D 代表白鹭生境的人为干扰程度; wD 代
表两者在白鹭生态安全中的权重,其中对于繁殖栖息
生境和觅食生境, wD 分别取值为0 5 和 0 25。









其他 7处觅食生境综合生态适宜度均在 0 6~ 0 8之间,处在较适宜等级内; 其中以高浦和香山觅食生境综合
适宜度最低。厦门白鹭 10个觅食生境的适宜度平均值为 0 7321,觅食生境总体处于较适宜等级,影响觅食地





















大屿岛 Dayu islet 0 875 0 137 0 8065
鸡屿岛 Jiyu islet 0 915 0 090 0 8700
元当湖 Yuandang lake 0 805 0 7812 0 6097
香山 Xiangshan 0 672 0 2875 0 6001
刘山 Liushan 0 757 0 1429 0 7213
钟宅 Zhongzhai 0 678 0 3358 0 5941
石湖山 Shihushan 0 702 0 6171 0 5477
澳头 Aotou 0 702 0 3586 0 6124
杏林湾 Xinglin bay 0 803 0 0962 0 7790
东屿 Dongyu 0 679 0 4231 0 5732
海沧 Haicang 0 851 0 4409 0 7408








数量(图 3) , 鸡屿岛多年平均白鹭数量( 4456)要高于










文珍等 1999年至 2000年观察到的白鹭在 10个觅食地的种群数量
[ 40, 43]




白鹭的生境安全。本文分别选择白鹭在厦门的 2个主要繁殖栖息生境 大屿岛和鸡屿岛和 10个代表性觅
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图 3 繁殖期白鹭在大屿岛和鸡屿岛的数量变化
Fig. 3 Population dynamics of egret s in Dayu and Jiyu islet during the
reproduct ion period
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